Introduction
The presence of considerable amounts of an active phosphatase with pH optimum about 5, normally present in human prostate, was first described by Kutscher and Wolbergs (1935) . Many other tissues and fluids of the body contain acid phosphatases in variable amounts, but these are small in comparison with those found in the prostate and seminal fluid.
Normal plasma and serum contain small amounts (1 to 4 units) of acid phosphatase. It was first observed by Gutman and Gutman (1938) that the concentration of the enzyme increases in the sera of patients with metastatic carcinoma of the prostate, presumably due to neoplastic invasion of lymph or blood channels, with the escape of the enzyme into the circulatory fluids. In many instances the increases are so great as to be clearly diagnostic; but in some cases there are only slight increases such as are occasionally found in other diseases. In such cases, therefore, a method for measuring the prostatic fraction of acid phosphatase is greatly needed.
On account of the marked susceptibility of the prostatic phosphatase to inactivation by certain narcotics, including alcohols, which was first reported by Kutscher and Worner (1936) , Herbert (1944 Herbert ( , 1945 Herbert ( , 1946 was able to devise a method for the specific estimation of prostatic phosphatase in serum. The basis of Herbert's method is that incubation of serum or plasma with (two-fifths volume) absolute alcohol at room temperature for 30 minutes completely destroys the prostate enzyme fraction but hardly affects the normal plasma acid phosphatase.
During the course of a careful study of this method we have tried the effect of alcohol incubation on serum acid phosphatase in a great number of cases of normal and non-prostate diseased persons. We have found that, while in many cases the serum acid phosphatase is not significantly affected by this alcohol treatment, yet in a good number of cases a marked inhibition is observed, for example in certain types of liver disorders and other diseases. In other cases the alcohol treatment leads to an actual, and unexplained, increase in the total acid phosphatase (cf. Appendix).
This directed our attention to the possibility that this lability of the prostatic enzyme to the destructive action of alcohol may be shared by other tissue phosphatases as well. It has been found that while many tissue acid phosphatases, including those of the adrenals, intestines, liver, spleen, etc., are not affected by alcohol incubation, the red cells, bile, and kidney enzymes are, on the other hand, seriously inhibited.
The red blood corpuscles are second to the prostate in regard to their high content of acid phosphatase, and contain nearly one hundred times the amount present in plasma. King and others (1945) found the acid phosphatase of prostate and red cells to be similar in many respects, including easy destruction by alcohol.
Thus, for applying Herbert's technique, the sera should be strictly free from any trace of haemolysis. This introduces great difficulty as it has been found in practice that the majority of samples of blood taken in the wards for analysis show variable degrees of haemolysis. Even when blood is taken with great care, unless the plasma is INHIBITION OF ACID PHOSPHATASES separated as soon as possible, there is always the possibility of escape of the enzyme from the red cells into the plasma, even without detectable haemolysis. This has been found especially in cases when the corpuscles are abnormally rich in acid phosphatase. Many samples sentto the laboratdry showing apparent haemolysis have to be reported "unfit for acid phosphatase determination."
For the above reasons it is felt that there is a distinct need for a more reliable method, sufficiently simple to be adopted in routine work, giving results of definite diagnostic values in prostatic cases, and not influenced by the corpuscular or other body tissue enzymes other than those of the prostate.
It has been found, after trying a series of organic substances belonging to many different groups, that formaldehyde answers many of these requirements. Under our experimental conditions, formaldehyde destroys completely the red-cell enzyme while not affecting the prostate enzyme to any appreciable degree. Other tissue acid phosphatases are variably inhibited by formaldehyde, but none is found to be so sensitive to this reagent as the corpuscular enzyme.
The normal serum or plasma acid phosphatases are also seriously damaged by formaldehyde. Thus, by applying a very simple formaldehyde technique, we can always get the prostatic fraction of serum acid phosphatase free, or nearly free, from the other interfering acid phosphatases.
Methods
The King and Armstrong (1934) phenyl phosphate method, as modified by GVtman (1938, 1941) for the estimation of serum acid phosphatase, has been followed in principle. Certain modifications are introduced to suit either Herbert's technique or the proposed formaldehyde procedure, both of which are described here in detail. REAGENTS Acid citrate buffer.-pH 4.9. Disodium citrate, 21.25 g., dissolved in 1 1. distilled water containing 100 ml. N/ 10 HCl. The solution should be preserved with 5 ml. chloroform and kept in the cold.
Substrate.-M/50 disodium phenyl phosphate*: 2.18 g. dissolved in 500 ml. distilled water. The solution should be brought quickly to the boil to destroy any organisms, cooled immediately, and preserved with 5 ml. chloroform and kept in the cold. -This solution should be kept in a warm place.
Standard-phenol-and-reagent. -(1 mg. phenol/ 100 ml.) 5 ml. of stock standard phenol (100 mg./ 100 ml.) is accurately measured into a 500-ml. volumetric flask; 100 ml. of dilute (1:3) Folin-Ciocalteu reagent is added, and water to the mark.
Formaldehyde reagent-(2 per cent formaldehyde solution.) 5 ml. of neutral formaline solution (40 per. cent) is pipetted into a 100-ml. measuring flask and diluted to the mark with distilled water.
Procedures
Fresh serum or plasma must be used, and examined with the visual spectroscope, if necessary, to be sure of complete absence of haemolysis whenever the alcohol procedure is to be adopted.
Total acid phosphatase.-1 ml. substrate and 1 ml. distilled water are pipetted into each of two centrifuge tubes together with 2 ml. of the buffer solution. The tubes are allowed to remain in a 37' water-bath for three minutes to allow the contents to attain the temperature of the bath. After this time 0.2 ml. of the serum is added to one of the tubes and the enzyme hydrolysis allowed to proceed for exactly one hour, at the end of which time 1.8 ml. of Folin and Ciocalteu's phenol reagent are added to each tube and 0.2 ml. of serum to the second tube. The two tubes are shaken and centrifuged, and 4 ml. of the supematant pipetted into two test tubes. After the addition of 1 ml. of 25 per cent sodium carbonate solution, the tubes are replaced in the water-bath for fifte6n minutes to allow the colours to develop. The colour intensity is compared with that of a standard solution of phenol (i.e., 4 ml. of standard-phenol-and-reagent and 1 ml. of sodium carbonate) which has been similarly treated. A photo-electric colorimeter is used for this purpose, setting its zero with water, or, better, a blank of 3 ml. water, 1 ml. phenol reagent, and 1 ml. sodium carbonate solution (without serum), and using a red filter. The difference between the incubated and non-incubated samples gives the phenol formed by hydrolysis. 
INHIBITION OF ACID PHOSPHATASES
The phosphatase activity of these preparations was determined at two hydrogen ion concentrations; namely, pH 5 and pH 10, using the abovedescribed acid citrate buffer for the first, and alkaline carbonate-bicarbonate buffer for the latter, with disodium phenyl phosphate as substrate. For the sake of comparative study of the relative activity of the two enzymes at these two pH values, the buffersubstrate-enzyme mixtures were incubated for 60 minutes at 370 C. The phenol liberated at the end of that time was taken as an index of the enzyme activity at the corresponding pH.
Thus Table I Ta-ble I does not include the bone phosphatases, which, in the normal adult, are not expected to be of much activity. The intestines are the richest human source of alkaline phosphatase, followed by the suprarenals. The human kidney seems to be very poor in alkaline phosphatase compared with other animals' kidneys, while.the human liver appears to contain much more alkaline enzyme than that of other animals.
As for the acid phosphatases, the prostate is unquestionably the richest source in the human. The only other animal in which it occurs in large amounts is the monkey and then only in the caudal lobe of the prostate, as shown by Gutman and Gutman (1939) . The second tissue that is rich in acid enzyme is the red cell, although the difference is very great. Red cell phosphatase varies enormously in different individuals, for no known reason, but generally speaking it has been found lo diminish in activity with age.
The human kidney, liver, pancreas, and spleen contain appreciable amounts of acid phosphatase.
EFFECT OF ALCOHOL INCUBATION AND FORMALDEHYDE TREATMENT ON DIFFERENT
TISSUE ACID PHOSPHATASES The tissue extracts described above were subjected to both alcohol incubation and formaldehyde treatment in the same way as described for serum. Table II order to get complete inactivation of the prostate enzyme solution with alcohol incubation; for example, the presence of a sufficient bicarbonate concentration and other serum salts of weak acids and strong bases is essential.
The destruction of the bile acid phosphatase with alcohol is especially striking, since that of the liver is not affected. It might be possible that this inhibition is indirectly due to certain other bile constituents affected by the alcohol incubation. Until both the liver and the bile enzymes are prepared in a purer state, we cannot decide if there is a real difference between them.
Formaldehyde inhibits the different tissue enzymes to variable extents (20 to 60 per cent), but its 100 per cent inhibitory action on red cells is remarkable; likewise its complete lack of any effect on the prostatic phosphatase.
The difference between the-red-cell enzyme on the one hand, and the liver and spleen enzymes on the other, which was first described by Davies (1934) The following illustrations of the effect of alcohol incubation and formaldehyde treatment on normal plasmas alone, and on those to which prostate extracts and red-cell solutions have been added, form the basis for the clinical application of these methods. /~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ĩ t has been shown by Herbert that in the case of alcohol incubation the behaviour of the prostate enzyme solution in normal saline differs from that in serum or plasma. It is more strongly inhibited when present in the latter state than when it is merely'in saline solution. Thus the question arises as to whether the prostate and red-cell enzyme solutions in water will behave differently to those in serum or plasma with regard to tht formaldehyde treatment. The answer is found in Table III , from which it is seen that in plasma or serum media the formaldehyde still exhibits its strong inhibitory The majority of these samples were subjected to both formaldehyde and alcohol incubation procedures, except in some instances where there was either shortage of material or where the samples showed slight signs of haemolysis. The majority of samples were collected from the Hammersmith Hospital, others from other London hospitals, and the sera and plasmas, which were separated as soon as the blood was received, were kept in the ice chest until the tests could be carried out (usually without delay).
Results and Discussion A synopsis of the results of the clinical application of both alcohol incubation and the formaldehyde method to pathological sera and plasma is given in Table VI 
INHIBITION OF ACID PHOSPHATASES
Some authors are of the opinion that an extremely high serum akaline phosphatase derived from bone may show its activity slightly at the acid reaction. But formaldehyde will exclude this completely, as the alkaline bone enzyme is very sensitive to this reagent. In the one Paget's case with an alkaline phosphatase of 140, and a formaldehyde resistant phosphatase of 5.5 (out of a total acid phosphatase of 7.5), the 5.5 value cannot be taken as a mere reflection of the very high alkaline phosphatase of bone origin. Such elevated phosphatases must be of non-osseous origin.
The possibility of the local production of acid phosphatases in tumours and abnormal active growths should not be neglected. Gutman and others (1936) observed that, in addition to alkaline phosphatase, acid phosphatase was markedly increased at the site of osteoplastic metatases secondary to carcinoma of the prostate gland. This was confirmed by Barringer and Woodard (1938) . This acid phosphatase may be different from that of the prostate since it seems to be formaldehyde labile in most cases, as can be judged from the high total acid phosphatase levels, compared with the comparatively small formaldehyde-stable values, in cases of carcinoma of the prostate with bone metastases during treatment with oestrogens.
Liver disease.-The most striking incidence of high values of non-prostatic acid phosphatases occurs in liver diseases. 21 cases out of the 38 studied gave raised total values above 5 units. As has been previously pointed out, the bile acid phosphatase, which might account for some of the high values found in jaundice and other liver disease, is completely destroyed by the alcohol incubation and partially by formaldehyde. On the other hand the liver acid phosphatase is not attacked by alcohol and only partly by formaldehyde. The results of alcohol incubation and formaldehyde treatment, shown in the table, suggest that the abnormal amount of acid phosphatase present is derived both from the liver and from the bile, since it is only partly destroyed by both alcohol and formaldehyde in most cases.
Although formaldehyde treatment does not furnish a complete differentiation in cases of liver disease which show a tendency towards elevated formaldehyde-stable values (reaching 7.5 in 1 case), nevertheless it is still the most useful indicator we have (although some other means of sharper differentiation may eventually be found).
Miscellaneous diseases.-The result of applying the inactivation methods to the serum acid phosphatases in a variety of other diseases indicates that there is a tendency for an increased acid phosphatase in some kidney cases. The alcohol incubation method affected quite a number of them. In a total of 53 cases (all free from haemolysis) subjected to the alcohol incubation method, 13 showed reduction of more than 1 unit.
As regards the formaldehyde treatment, it is noted that out of the total of 72 cases examined by this technique, 60 (i.e., 84 per cent) of them gave formaldehyde-resistant values between 0 and 3 units, while 6 (8 per cent) gave figures of 3 to 5, and 6 above 5 units.
It is striking that in some cases, for example, of anaemia, there is a small total acid phosphatase which is totally resistant to formaldehyde. This is not necessarily to be taken as of prostatic origin, for it occurs in both male and female cases. There may be present in some tissues not yet shown an acid phosphatase which is similar to the prostate enzyme in its stability towards formaldehyde, but which is not destroyed by alcohol.
Conclusion
The value of 5 units of total acid phosphatase, arbitrarily agreed upon by several workers as the maximum (normal figure) for non-prostate cases, has been exceeded in a good number of non-prostate cases. It is desirable to have a method giving a more restricted range in non-prostatic cases while not affecting the prostatic acid phosphatase. This has been satisfactorily found in the proposed formaldehyde technique.
Although the number of cases examined (216 in all) is not great, yet we believe we have sufficient data to support the following suggested limits for the formaldehyde-stable acid phosphatase:
Normal values: from 0-3 units per 100 ml. serum or plasma.
"Suspicious": from 3.1-5 units per 100 ml. serum or plasma.
Prostatic: above 5 units per 100 ml. serum or plasma. In most cases the simple formaldehyde treatment will serve to distinguish between the high acid phosphatase of prostatic origin and those accompanying other conditions. In a few cases this will not suffice, and Miss Herbert's technique of alcohol treatment should then be employed. But experience seems to show that certain liver cases (and possibly some cases of bone disease) are the only instances where confusion with prostatic disease is likely to arise, and here an alkaline phosphatase, together with other characteristic chemical and clinical tests, should resolve any ambiguity. In addition to being useful for the study of special and difficult cases, formaldehyde and alcohol have a definite utility, along with other inhibitors and activators, in attempts to differentiate the several acid phosphatases of the different tissues of the body. We have evidence, for instance, of at least 2 acid phosphatases in most tissues and of there only being one in the prostate. Summary 1. A study of the relative content of the acid and alkaline phosphatases of some human tissues has been made.
2. The effect of alcohol incubation was tried on these tissue acid phosphatases, and it has been shown that while those of the adrenals, intestine, liver, pancreas, spleen, and thyroid are not affected, those of the bile, kidney, red cells, and prostate, on the other hand, are seriously inhibited.
3. The effect of formaldehyde on the acid phosphatases of prostate and other tissues, including the red cells, was studied under certain conditions. Its complete destructive action on the red-cell enzyme, and its lack of any effect on the prostate enzyme under the same conditions, are reported. The other tissue acid phosphatases are variably inhibited, but none is similar to the redcell enzyme in being completely inactivated.
4. The introduction of a formaldehyde technique in routine determinations of the serum or plasma acid phosphatase is suggested, and a method described.
5. 
